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MmS Kmmr ^tenocha# M.Tech. 

D^arfa«ent ©f llectrieai Bngineering 
Xnii^an Institute ©f Tachnology, Kaiipiir 
N August 1972 
Multiplexer 

DesifU amd iaifericsation of solifi state *‘fftiltipl«acer'* using 
WBf*» is descritoi^. ' It consists of two sections# first section i 
taScss, in .the digital selection input froro IBM i®00 ccaiputer# 
checks, for device code, decodes the incoming selection it:^ut and 
generates a reset pulse. The second section receives analog inp 
from the. _transducer and connects them to the output terminal i 
thr<:mgh analog .switches* These switches are turned ON or OFF 
fey selection, inpxit. , . ] 

The multiplexer can have upto 1024 analog inputs,feut 
in the present set up only IS analog input points have been 
provided* 
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Hit w0*i wltliilcEBBr eones fnm the X«itiix voids 
vMoh aotOB piltifoliA. 

f&F mtoMtie eontrol of a mwimr of pieeautaa vith on# eoppotor 
it ia daalnitia tliat tha iatmcfm* betvooii tha pioooaa and tha eoopixtar ia 
nol de|>lloatad t&r all the pxooaaaas* fhia naeasaltataa tha oaa of a 
•gFitwi vblah rafialraa ohljr ma iataxfaoe# hat oensaota all tha pfOMaaaa to 
tha lataxfaaa aa pax* ia(iixi»Ha»afea« fba ajvtoa iMoh ooooetta the fifthrant 
pfoaoMaa idth the tntaxfaea tniAar the o<»il3!ol of eoafotar ia tallad the 
anltiplaoEair* 

lhaa the oaltiplawer ia a agratoaf idiiah a^aota a ahamial' eat of i 
a gfmp of timimitla tor a fixed axoont of tixa* - Icaqplaa of' mitiplaxar f 
avitebaa axa head avitahaaf xotatoxgr aidtabaat xelay avitahaa «ad aolid 
atata iofioa avitahaa* la xolatoxgr awitchea ohanni^ axa aaXaetad 
MqpMntiallj and nxdax xeda al^ aalaetion ia not poaaiMa* for xxn^Uai 
aalaetiaa e£ aiiainM^a roUgr and aalid atata xoltiplaxara are uaad « la 
nlaj aaltlplaxaza #oai ia lixitad Igr aacbasiiaal aormixita of the ralasra* ' 
to attain high nolt^laxinf rataa aoUd atata aalti^laKar ia naad* Mora* ' 
orar edLaag. o<Mt and pavar oenaanptioB ia aaah lose' far a aailid atata 
Mltiplaaior aa aaapaxad to xalagr:mltipl«^ of mmo ambbar of ahannala* 

iaiiaallp a mltiplaaoir ia a ^ group of mitalMia and mr 'ana ot th«h 
aan ha alaaad aa par xaqplrwMait* leti^ af individnl aaitiii aheold hara 
voigr hi#i raaiitaMaa vhan <epan and aa lav raatatanaa aa paat^hlja vhMe it iai 
ii.aaadp to thia mltip^laaEar fiaM affeat txvnxlitori haf» haaii maad 
anoMMaihllgr agalxuiit hlpalar tranaiat^ aa analofaidti^a* 

: Sba; Mltiplaiar rtaaivoa tha ihaanal atdraaa froa digital aotpvt 
taiMlaala .af IM iSOO oaapataf# .Sha «hai»al addraiw vhiili ia ia hibnisgr ^ 
f «ai ia daaadad hf mi^hig digital integxatei airaaita* 



ei0t Mltotioa iiirat of 

atfdvott aad «luinnol aidnm trm mw Mtiifloa tb« 

iapit. mMmg9 ooniiMcnaa* 
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Id lidlff Hi iiwmM "wmiAma paxi« of MaXtlpliiwip 

oiitl «iid iiffoiwil poooililo wSioaM to o^ovo. tlto -voiioao flmolioiVi* 
t •} lwil,lg. Wm^mUMmr 

Wm uMimam of Ibo otutnnol. to 'bo mltip3o»i*i io obtoiaiNi 
irm Aigitil' ootfot tosMbauilo of IBK I8Q0 ooiqpttor* . Ibio oiitpxt 
mm hm ia^lfezoo fovoMii' 

(a) ho (H«itiraBi« ioeiitot IlMii'iito) 

(B) IbuLao ffHca 
C@) Bogiotor iOzK 

3k 106 ii foloir ooato'oto mf ^IommI or asm ooeovdiag to tbo bit 
pottom*' 

B9i fttioo fool M pilM oppooro iMmmmir *om*^ boo to oppoor ia oot|iot« 
mi mm imloo litorovor * oore*' boo to mpmmw*... Blao3tonooiibl|r 13 iral^MO 
mm mVrnmT iMxk tmm am trod ». 

Xn Miifitor fon ono 13 Mt wori of IBI liOO io Ioo3o3 ijilo tbo 'fogiator 
2 b oH tbooo f oiiM ohiwiiol. miirmm obtoiao^ fioo 4i|^toX 
tordoolo of XW liOO oQopatwr io ooioB in biaoxgr* 
in) Boyloo. 6flAo 

If in tbo dtigital onlpnt olx bii^boot orAor bito bovo 100000 
«oai(liiBtl«% tbon tbo rod 10 Mto om takon la oo anltlplinwr idonMikl 
•iBrooo* lltio io jnol to iBwob that ^o digitol ontpri io oSBxoMiiag 
tbo Miltlploanir aii3 no otbor Bovioo* Hum ‘Uw 3 bi#i mimr Mto tem 
tbo anSt^liMir ooiof tbo ontimt of o goto ibai^afl §wm *0** lofoX to 
"1* XoooX onl it OMoino in that oldo ^31 tbo oBltlploKljig of fot<»» 

jh JS ' ^ Ok' ibK mat 

mWUm 

s*} Qi3rtLXK,MtiilKifcJBii 

Jlf in tbo. digital on^nt iro got o volid anltlfloacor addroaa 
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•ni fi2l‘li|>l4ntiiig ef mm efaamtl it ia progtaasi, thm m aill Ttm 
Mlt^laKlag • ^mm mSdiwit la tbs ei tlM .«M»«iNia 'Of 

4luiiiMpL ia iisropass m& mm ^SummX* fiia liypit to Him iM alll .bp 
(1) tba irPLtaca ei «b«ni«1. la pvogiawi fm wmlt tm«U.m of tolol 
aaltlploiKiag iiao (ii) tbo ▼ol.taio of iho dhofawl iMoli hat tba Qiad 
i^faaa if f iwvi'Ois aad Ban PPamPla# for ^a faai of tba wUiplaocinf 
tlaa« la aroli m altoale for 'lha prlNMNiaa if aalidi If Ilia 

aabab ps^laa la ^Maara aaaBia Iba lealblpIaKiag' of liia la 


ia pwagmmf Hue aaf laeoalag li^t la dabannel froe raaAlef tba 
atoraia a l ae aat a' ia Hu aaHlglaear*. 



Wmmmwt m dlilla}. cnbpet Utlab doaa aoP npraaoiil a nlid 


im43ip JbiWdy iisiiipi'ii# 0it iniii^Niir hImi wmLh ip 4 i f8P i3ft|[ 


la avert Hu aalblplaaer aboi^ ba feaaP and aeia taadj for Hu mkP 


iiepet* 

fboa Ci) if ae da aal §•% ^ «oda far aaltlplaoBar and wmm 
oafpal t&pmm la digital o e ipet tendaaXa of IBt iS06 aoapelert Hbit 
ia at laail iea bit ia la "I* alatat tbae a leaat pdM la •eeaxaiad 
idilab Pleate tbo' buffer* 

(Ii) If a valid luXtl^laixer abaiaM^ la obtaiiul 

HUu Hu veaettiag ia daXafid %or tfi aauust equal to aaltlalaaciac tiau far 
flea HiaBiial* llu daiaf ia tetraieead bf ealBC a aea abet utltlvibmtar* 

(a) lb Hu aiaplaat daaodiiig fane if taking 1^14 lieaa free . 
liO Mt biaaagr addremi m bave ta pat 'a aaslaa aaitHi «1H& aaib i^auul 
(aaa fifaie i*l) and tba atfapr and of. all Hu aiitiiua are' aoMuetai 
ta Hu iaptt taradJiaLa af-AKS* ',fbr 1014 ebataula tba aatfet enpaei* ' 
HnUa.af aaitib will ba anltipliad idiish ellX appaar aa a vaiqu bl# 
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SWITCM i 



CrNB LevBL ^ecoJ>ihQ ^OierMB FOfi / o 24 CHANNEL t^AULT \ 9 L-^^ 

f\C, 2-1 




Oipaoitenes at th© input temlnals of ADC tibus uzmeeassarily 
incx«8Sing th© xLae tim. !!Ehi8 n@c©@sitat©8 to nodifjr -this aohana 
of dioeodteg. 

(B) in atiothor scheaiB decoding Is done in nuabor of levole* In two 
lanrel docoding a grmp of 32 ohennols is connected to a switch oelLod 
the bIoi& svitohy and there ere 32 bloc^ switches thus giving iloe 
to 1024 channels* In this wvqr the effective ou^ut cspacitsiw^e at 
ADC teradnals is of 32 switches only. As for as decoding is emice- 
med^ ten bits are divided in two groops. First group of 5 bits seleets 
a bloek swlteh and second group of S bits seleots the ohannel in each 
of 32 Mook switches • So we require 2 deooderst each one of thMD is 

1 out of 32t and we put 32 additional ewitohea at the oost of reduoed 
oapaeitanoe at ADC teradnals* 

In three level deooding there are fou# proixp switoheap each 
group switch has 16 block swltehes and each blodc switch luaa got 16 
iidividiial awitohee* Hus at the input tendnals of ADC output oapaeitance 
of only 4 switches appears and also at tte input of blook awitohea 
output eapaollanee of only 16 awitohea ia there* But here we use 68 
addlMcmal awitciMa for redaoing the liae Mne at ADC terdLnals. 

In four level decoding the nuahor cf additional awltchaa la 
quite large and ia 146* Also the fenout of individual awiteh driver 
la 128 which ia a very hi^ walue* 

(C) Sfcill loiother aohaua for decoding is to have a unit oontalning 
analog awitohea and its awodated decoder* Coaoiarciallj « MltipXascer 
unit ia avaUabla iMoh ecmalsta of 1 out of 8 decsodor and 8 anelog 
awitchaa* let ua aay wa have to sake 64 ohannel multiplexer using auoh 
mltipXexer untte* Wo have to pit in two levels of decoding units (see 
figure 2*4) « Hare 1 out of a 8 decoder ia dupHoated nuaiber of tinea* 

M tl» decoder haa to be nade using diaorete ccmpoiMaits thm this aehens 
beoonea very oxpenaive* 
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«•) Biffer 

Stnott (l) in oam of pulTO form of seloetion Input, pulse width 
is prQgmBmsble, md (11) the selection Input e«i arrive at a rate faster 
th a n the i^apling rate of ihe aultlplsKilr, so it beeoaes esaentlal to put 
the ehermel address in a buffer till the process of mltiplexlng of that 
charnel is orer. 

One way to store the Information is to store in a flip-flop • la 
TT Ii family dt digital integratad oixouita, atanderd ohlpa of JK flip-flqpt 
are avallabl#. tbaee flip-flopa have the additional facility of Clearing 
all the storad infomation by giving Input to an overlding Input tarminal. 
liana RS flip-flop can ha uaed hut theae are not eommariiUy available 
in TT !• family. 

7 *) 

The vaxioua tjqpea of maalog awitehea ara 

(a) Semlcoadactor diode ssalog auiteh 

(B) Mpdar Trmaistor Analog &iiteh 

(C) promotion field Iffhet franaiator 

(0) IDS Held tffeet Hmnaistor 

* 

(a) Ih aeadooMhmitor diode analog switch the offaat voltag# (the voltage 
aeroM the output ternlnala of a awitdh with no eurrent flowing betwema 
these terminals) la vmry hl|^. by using matched diode# (see 

figure 8.5) some of the offset vdltage errors can he removed l«t the 
eapeoitanoe aeroea hack Mased Junction limlta the speed of 
to a great artent. 

(1) 3h bipolar tranalstor ndtch offset voltage is depandant on baaa 
eurrmat anfl t«sps*»^^w». At lower vsluea off Iwaa currant the offset r&Ltmgo 
is fairly high and dacxeaaes with the increase of base ouwent and at 

bace eurrmata offset vdtage inereaaes ae the bulk reaistanttes beo^mi 
prsdomlnste. At Mghar valnaa of base ourranta increaae of hyg with 
teaperature tends to decrease the offset voltei^ wad the collector bulk 





o 

K 

U 

Z 2’ 

o o 

o < 


s/l ^ 

U7 o 

Z < 

iA 


U O 


lA 

O’ 

lT 


XNitiidcaQtt is to inemoM oCfoit ▼oLtoiP os toq^xotioo 

l&efossss* Ifttli tlio iBoxooos of Iwoo eoxiwat sstovoM^ lioiistsisoe of 
ttas tfoiisislox>4sef»ssss^iiBlil tiMi onittor m& ^oHootor 
fosigtsBoos fot o liMt OR sstoxsticHat sooistaRes* it.Ios toss ooxiwits 
ssl^Oitisii foaisloitwi' is liiissr Anotim of tsogiMotoy* md iribes iH^oel:<Kr' 
sai ivitlor tolic io«lolaiie«s lisvi f osltioo tsopoxatiuro oo«ffisis«bSf tbs 
sailocstitm fisai«ls»os nlXL usoslij' 1mm o positiiw toi#«asotuxo soof fioisiiit . 

% ttsii^ aoldted tSMoislatflr ' off ast sbltsfs SOB- to foiiiMi# tet ' 
st tfao omI 'Of satufotioat. 9s.siBtaBoo«" 

(0) Ift ^matloii fisM affoOt tfiaiist'ffir im a gala-4o*«aax«Ni 'in^itiia 
of aoza iroklta aa-iffoai mm -Of ^ mim of a fav aioBoroita ; 

MLU Ink Warn fotoMlo-aooxtta veits^ is aot aovoii tbs i^sot ia 

fas to asiriaiits fXewiiig asvoaa th» %adc tiaaaf inita*4o*aoaxaa 

1^ fata*4o*4i«la JonatioHaat sad its aapdtnia itprals apon tto 
laaiatiwaa of ^ olxottit^ ofimoaetad to dxaia sod s 4 Rifaa«; %r 
Is^ng Ite iata^tOHiiosOBa ToMitpi atoa tbs astaastiott laaislooiflMi of 
tte dafiM is ali^tai'asd* ilaa is no. psotlsai aitl» datsa omrawta 
fXasliig iota smiag odltsio aosxoa aa dftf la a aoHsfs oontiNtlXod 
dasieat 

(8) Is DGB fiaM affOal tiiaiaial<«r tliaaa mm AmUbaMLj m pmli&mm- m€- 
dsiaa ffiBSMBAa fioslBg So to l^.ooaiif aoitafs aeasiM;: tat Hds daviiM 
soffam mwy lodijr foos tlia laaar liadt of lopat fwmtfBmrn^ iMdb ia 
oaaalljr of tbs andar of S0 Ki/a* 

!|lMta f«r tba msiof ai^tfl^ to. ta' oasd in IMs sadltlpXaKar 
MOilBf sod iMdifssiitator diada soaiiod aait^s ata oat*. a^aSaa is 
Xaft tuitWMOs tipalar tsonaiaiar sod Stas oalf sdoantais alii^ 

tlw l^aliO tunaiitor lua mm 3WSS ia lonar sataostlan xaadstsoaa.^ 

% pttiiit OA ONOoHai sopUHao at aa^^ taxo^la tl» atava asdd ' 
dsiMtafdl So dfif ia onUifisd lo^Mttaa tbs ii^MdaBaa iae of tlw 
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Ci) 1km pmrnm fimU mtfmmt tmnslstw to km nm ta m* einmll 
Iw fait tx«Bali^w« 

(ii) aRtumtloR xoidolaiiimi of tho 3WBS ifeumld htt irox7 nuill. 

(i4i) Ibo IbaltaKo oimiixto ubiUib mrm Abo to loiroriw MaooA 
fot««to>Hi«afOO obA f«to-t&4«aiB |Bi^ioao oluni liioBilA km Kiaima* 

Civ) losiotwieo botvooB Axoia onA acnvoi toxadaolo •bouM bo 
vozi' Itigli vikm tbo f8f io MoooA liogmiA pimAi off* 

(v) Sofonpo tfsttiofov oopoeitomsoi omveo to goto onA Axoin to 
goto iM[|Mi«it«iooo otioolA be ■I.Hif.opa 00 ttaojr Alotort tbo c»%ot vovBfoxB 
to o gxoat oaetoRt« 

fi64gS boo tbo fi^ooiiig ipooiiiootloRot 
(i) Ooto VOVOXBO OHXTOHt for fdg • liT^i f|)g ** 0 io s agio. 

Cm} @oto ooaxeo out off if^togo for m % » 10 mi Ao io 

T T,. <«..) 

Clii) Qoto oooroo bPOokioMt Viltoio for % « lO A AOf ?£§ * 0 io 
m CM»4 . 

Civ) iofo goto voltofo Axoia oearroDt for T|^ * 0 io f xoAb*' , 

8o ifo flaA iQiifl aooto Mot of tbo obevo lOQitifoaiiito'ic''- Ibo oAioloo io'- ' 

MMtoA boooooo of aoBoroiiobaitr o^r AfSfS. mm io oorloiOlr 
• bottor ISf tbin 8iP4g9 for tMo n^pliootioof oo por oi^ioxiiioatai rooolto* 
iboa tbo^golo io bift ot o^Mib nogotivo voltoio Mtb xoipoot 
to oooroo# Cxofor to figooo 94) tbo fSf io piUi^ioA off ^ fmo obomotorirlioo 
'Of WBm goto to Moreo oot off voMogo 
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SOUR-^E JfRAlM 



FIG 3-1 



1 $ 


S& id tilt iwt« tixalilii ▼eSLtagt ahsiM be «>|2V «• the e«a 

go mpt# •§?*. 

Bei^itwwe 1 In eiveuit pleye tiio sel«e» Hbai fSf is OiT 
it ietsndnes tlie Isimt im^edasee sf the switih* Aim it ULiiits ‘yie 
saxnmt ' flswiag eat of vislefi; siai^« 

Uhen Tit is ^ it hfiags the gste to the awse potenliia ss that 
of senttst thus heeiiiiig •> 0 lihieh eBso»s iotr soloe of wtttsstiai 
fosieitsitoe* 

lo heei^ tlM Sopxt iafied«seo hi#f 1 ihohld he hiitiL hot iapct 
eaftti^ttme ints • Holt to thio» heomse with the fooaieee of R xise 
tiao io^teeses* So s eelae SS 1 iiao eheseit tme R vAduk oith iofol. 
Oipieitiaioe of 7 ff toiogs the Am Mae to 0«S see* 

iSaa the iapot to the level, shifter is *1* level (S»I7 to SV) 
the fSf gste sheoli go ioea to •Uf hot i^n the iapit is sere lev^ 

(iff to 0«if) the ra? gide ahioM he li^ om^Tfeeted* A oirsoit idiiili 
dees this Job is •hewn la figors 3^ 

lesistmoe B|_ dstovataes the oaireB t dseitt la jhroB if -R 
§Aa or frea tnffsr eaolifier (xMOr to Ihe bleOk disgsea) sod the 
vahie Of the eaiMBt Ohsoli be so^ Mist 

(aia*) *Rg (ala*) ^181 (•■it*) 

?igj for »1» level is 8.f T* 

•31^ e (8*§ .** @*8)j(^S • lae^ 

Shteteg' ; e 0 •# f OP % 

■ 0*8 as 

Vov Rg ^ 

0,77/3.9 as 
0*8'I 
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SiilKlaNI I 11 I 9 '•ee«iuB% %ii» ▼•xigliaut in m «ko&m % •« 

SK iilii<^ ms M'lsia 

Also % <|| $^mM ha ti»slli gsia snA swilMabisi inmsisliHW. 

Wm txwisigl4m>' mitsbls is 

For Qg txsBsistsr saitsbls is CZl* SS2 

I 9 I& IgfS IiImMOMR iraitsCSS 40? is 9S37 sssssAi^ Ismssss ss 

sfs fmlting ia ssiAs#! suisg at tppvmimthly SO?* 

C3> Ittlllt 

Ihmim tsless im ^ sfiissss at tlis sltusnsi is binttgr torn 
mA ia tmsB stilssls a ssii^ idsdsli s^msels tbs sispisii ahamal %« 

ABO. IWoAsfsitofm afs tJbafs i» *tlsi eimaih 

(a) Oas sat of tmr 4NhisAss» iSiieh asl^Mits tbs gr&m 

(B) tea sat dbctsmi Asssisr» tms sssb. itss4sss sslssl blo^ ssilMdi 

mA iaHriiaaX mAML wmapwiiHwaljr* 

His Asiipt 'Of tbs AamAar is stimi|iit isaumsd mi iha htwaoM 
ia ahmm la fifsas S»8 wIms -His asltiplsacsr is ia TssAjr stats ts assspt 
asms iapEtf tis lapaits A-tmi i ts tbs isssisr aiw ia tO* Istsl ibeisb sill 
smss tbsr famish ssitsb. mm ts t^lsss i 4iish is asl isiiamliis. fhs gmap 
sMitsli asjrs dMCLd sl^ mly abaa i^iats A sad B aas asas sad tbs $ bit 
tads amldb sssaasy i*s« tdiaa ds is I . 

(B) aMtn. rf, m. „ffll>aL.B|gllta..^B8iBB 

Sm dsssdlac at 4 bits AflfOiB am bs dims bjraaliW ' 

(i) B japit fstss 

(ii) 1 iepst cstss 

' ^ili) 4 iapit pitwi 
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filisg S i«l«» «• Ikt-v* touM S4 twe gittt and S invwxtox*^ 

lAtilik MMOl* t«i«l of 8 XC (tiiipo* (••• figaxo 3«4). 
fitiag 3 lap«il i^iioo no lurvo to uM oi^El 3 ii^t fotooi olactoeB 2 iapit 
goioo gfti oli^ inveitem iMob bviago tolol woiMir of iSaifo to bo 
ooog ta tbo elrgait to oiao* (ooo titpaxm 3.5) 

Woillg 4 l^ltoil wo bCWB to woo olwtoow 4 iagwt goloo l^t^b'WOliUi 

8 DC iiil^o* (too ftgiiW 3.8) 

Sho wool of oo^ X@ iMfii io optffoociiiwitoljr tbo OHM* So ftm ft^nt 
of wiow doooAliic V woo of 3 laeffwt i^^too io xwloi oot. gjr woo of 2 
fotoo Ho AMoioo boo oofo mmiimr of itagoo tlmo ioooAor wgiwg 4 iqpoit 
fotoof oa4 it io wot o4Nrioobio to ioowoooo tbo go^iwg tiwo* So wo 
■olw woo of 4 ioiRit fotoo ier foeodor. 

Ci) imiia if MteUffiiiitn 

VImb olX 3884 Xiooo owo wood^ tbo fowoot of 1 oat ot 2,8 
ioioitow Iliioo* iMH OORlfi^ tbo iii&*i48wil onitiboot io foing' to bo 84* 
IQUio tbo ewwiWBt dxwioi oat fwow tbo liao br tbo ioffwL oMftor io i wo* 

8o' offb«tiWil|r m fogaitw a owtswat of 84 aa tvm Hao if tbo dooodor* 
4 ff b aoai goto io BOl oagablo of owpplfiog tbio oaoatt of omrxwat* 8e 
wo inlpedaoo a baf for otago botwaow tf It g oo^pat and Ho impot of iovoi 
Hditow* ^ 

fOMW tbo oo'^wt wbltago of a ff h goto io 4f for *i* lovoi tbo 
oarsoBt dxwiot bgr tbo lowid. .liilftor wili bo appnsciaotoXar Swo* So tbo 
Inffor olago Hoald bo oblo to food o ^raxwoet of opprcKiaotolir ao* 

3bo traaoiotor wood for bwffHri^ oboold bato (i) tbo 
owpooitjr to •ogpXg owmato of Ho eoior of iSS oa# aad alao (ii) tbo jpowar 
diaoiiwtiea iHaiid bo bigb* Stoto 84 Uaoo art' goiag to Iw oownoot^ 
at OBO |M&at» ao it ia aaaiHRlial for tbo bwf fto apUfior to firofiio 
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(ill) m high ceP mnemt in « d«paeitiir» Mno* (iir) Sw 

t»«ii«iait®r tfioaM pfafvralXj b® a WK tranwiatw. A FBP ts«st«l«t#r 
%«E^a to Ifflsyoam tba vbltaga Xa®>i^ by an aaenat a^l to tggf tbo 
fool that loral aOiflor io «ora ooiii^tito to a ia aaxo lomaX 

Toltaco than a dianfa In (om lovoX ooXtaget anggoalo mo iiol to iaexooiNi 
ttao ineoKliig voXtage Xavol. 

fr»ioiot<a* 9b 10§ aoato oXL tbo obofPt voqeaimwola mi it io 

I , 

ooadPl^ oveiXoblo* XI io a pewor txanoUtor mil^ o dioa^otiom oi fSQ^ 

•ed floxvaet mvKyia^ of SOO »a« Hozoofor it' ia a 'IPl tzimoialor* 

diomit dlfxoai far liie tofltar a geiiXifiar io otowi in IXfoto 1*7 • Ba^ataROo 
Bg ia ifitfodaood to dooraaao tba pooor diaatFotion of ^ tiwoRlalw* 
fUdag tlia m^ply roltofa aa o ISf* 

(am*) • (l3M*9^.9)/m • 9*i(r)/im(aa) •70 
idioro ia tbo wfailaaiai 1 XooaX ao^pmt roXtafa* fkkix^ into aoooool tba 
oariatioa la taaaaial^ aatmnitioR imXtago Tq, and la no ba^p la aa 
&M 

MmOpaHm ia Bg • dS * (0«XSS)^ 

» l ,0t 

Baaialaaoo ia a daaagr 9oaial«r for do btaaiai* 

Csy Mte 

fbor bBMoaiat taf oiaatioa dt IS bita ia aborod la ii f!%**fiofia 
to oaomio tlMi amlXabdXitj of <dwaH^ addaowi tbroaib out tba preoaoa of' 
mXtipXaaclai« 3ba aloiago of lafoana^oa ia fXI|>*flap>a mmmm Urn mm 
‘ traataani for botb pmlaa f ona aad aoEiatNir foaa of oaXootioB iapttii baaonaa 
00 ara oaaoatiaXXjr mrnmHkiag a foXaa foao iipat to a Xavol f ora of 
aoXooldia itiaft * 

Jaolbor atraKtafo ia ^ rf alXabiXIt y of iafoxiatioR boib la 
-Ibmo gad oiaalaaoRt foaa for alX tba id Hta« . . 

Hr iHMfdJig i aai E tomliiaXa of fE fXi|H>fXflp at XavoX tha 


zs 
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togflAs iiitli ainiy {XMitivn gedng ispttt «t the eleek 
t#XBin«l. this is wide mat of for the etorege of iafozBetim. 

JK f1i|»*-fliepe hate he<» meed ee these axe easily availahle 
ia ft Zi aeries* 

Cd) iMlgB,, 

the irpat to -^is eirmit are the 6 hi|^ order hits of inetadog 
inf omati^* fheae bits are eospar^ wl'^ the f redetexidiied raise of 
100CX)0* & ease i hi|di order Idts eqsal the predetendmed ralae^ thm 
a sigiial kaora aa eateh ) u generated which woahles the mtA 

of the 10 hits to he talow la for deooding por^oaes* 

Ihsa we hare to gonerste a Ihnetioa Qq tUsLeh is A B' C 0 5 F 
idiere A» B| Cp Bp Bp P are i high i^eder hitsp atartlag from the hiidieais 
order hit* 

Al?5If*AlCBiPa*eO 


oABOBBPeO 


• A I c B If .1 


• (ABC) .<1 1 F) .1 




m 


• (A i i .1) . (B I f .1) .1 

Hm MaliMtieii f#r @ 1« abeiiat la figax« 3»t 

W 

(7) Baaal. fitmti 

Any catpat trm AigltaX ttndnala af ZBM 1800 !• 

ialo tilt baffAr «ni vtatiat tbtft MIX t x»ttt {nsdltt it gltwi* 

Ibsat ean %• • titatMoR i^h tt tf* ftMtag tant aii^ttl <Ktp«t 
iott aot fipftitot tb# tMmta of • ^usmtl* la thti ottt tilt lef&Xfm 
iAimli Imi tXtttti la oaiar t« «to»t tait a«t ontpot fSPwi jEBW 1800 la Itt taat 
feni* So a atttt pilat iriieaSJ %• itatxatfii Maaitfar Ma dtvita eedt it aot 
mm±nA tet tom 8i«ittl oatptt Is i»ttlfs8 at aoXtlpltKaa iapat taxainala. 
that ia t© Bar ^ «or aat or ao«t tltin oat Wt la *1* la tMa Alglt^ oalimt 
gad darlaa '««8a la a«t praatatf a rwcl faXat riieaM Ba gaaazatad* iXae aliia 
tba yvMitaa of ■Bttiplaatlag «£ a i^ttaaoX ia ofstr a rtaat f«laa o^enM ataii 
tlia aomkm* 

lit M tba 18 rafiaBlta 

■ga^fnaantlag tht li Mta lapat* 

lit t Imi tfet rtrlayLa atpraataMag tin aatat piiat* If 1 la 1' jiMtt 
imXaa 18 gaaaiattd* 

I«l X • 

•li • A BC DIF 

fattlRg tilt twa Qoiditiaiit la tarat af- 'aaiiatXta daflaad a8art» aa gat : 

X •• X % a<t) a % a <t*%) 

abaBa t|^ ia tlw Mat for Mm proasat of ailtlplaKiag a olumitl. 
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for ^ E llfass^ 3 

% Eifl^fVBtlatlBg a aanoatiibXa ia -IHigaiwEf tha oa^pak vi it 
fai tato ^aek imtw&ml «f IE tha Eastiaolar af 

«aad txifgara with poatttta fatng itLaek jpalaap to aflar « Mae talajr 
af aBifa tl^ fliiMTlap aatpn ^ttaifaa ta Caaa flfiira 3>ii) 
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V of £ if de no «n%fat wa 

mmmi at t1^ aa^wt tafadbuiila aP aai«3.0K i«lte&* . %tgllag af meuUM aviti^ 
witbaat tte dvtviiif eifeBit>3r abami tbat at • fwsmmw af IBOO %i/a and 
idmadyHal. iucait af 8T pmk irailtafa a alfttaX of 1 af of tnfot 

appaara at ttoa oi%at taandaala af flal4 affaat tii»aiitar» 

Ilia oatpt irOLtaia af i af #Mapaaaaa aa tfea iapct tNmmw daastaaaoit tfea 
aapaaitaiioaa tataaai waiaa and mfta fata meA daain'tafaiaala* 

Warn tlia mtalof aKiteb ia alaaad eB%«t vaLtofa ia aaae aa tin 
iapat Toltaia ^ 

Maaaeunid liaa tiaa ef tlia aatpat id^pul ia 0*3 mm* atoaa aa 
tlw iaujr tiaa ia S«i aaa«^ . - 

i) Hat* 

tiaa' f ar lAtisit lataifteaa aatiaaota tlw paoMaa ta '^ba faawaaasf 
dapaada apaa Idwi paiaa aidtlb of aaftoataHa ailtialfeoatar* &a •a***d 
adLaa af pnT aa width of aOBoafeatia aiXtiwihaatar ia lit aaa» laaawtiag 
far 3 aaa* of daLaf in awitihiai tha tamaiatora m, tha analee awitoh 
fwniiaa «fl^aai far f -aao* Sitaw^ igaMhroBiaatloBi af tMa Mao to; not 

mth 1* mm* aa tiaa of eloaafa of onaiof awit^ aM 3 
aa Mia daiaf oanaod hgr ifiirlaf Mroaitryi., tha aalaoMoa iapat .a»at -atif ■ 
for a tiaa af 1» aae^* ahioh aaaaa tha amiaaa atfipliaf *ata mm ha 



j/SM • ii I iilita t»t« in Ian thim §6 I oiily laia asa 

liiw i« MAviiMi «l • tlaa* 

8) IlUfidllJDfJQte 

Dm diaaadijig tim «f ^umnal aii&niaa tw Tmwy mmII affi4 it ia of 
tlw ofdor «r 40 aott* 


JmaSJBg Itepwt to t^ inltl^ioaiof^ cbiiaM to a iisipLa auloi. lapwEt 
ifitli fook miIm «f aifmX a* 


fmt oaali tlMNnMMe^Xa a taMffoir ME»Xifia7» rMeh yttl to. 
m <p«r«tloaaX am^liltort riiettXi to far oaBnaoMag it to tlM 
oBiilOi i^wt {laial of tliia^iiiXttpXaaar* 















ipyT fO^HTS 



AH» tg»g4 


/^NAi^J¥TPyi 
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mmimm 


^ Mtia tf fhii aollid glott *iltS|iX«iir i» i&# «■« 

ttf tUOd «rfMt tfwiiriiftwvy ifiil«& 
iriUtiMMS til* offM^ 

(ii) iiiQfWM* ih* fiw|ii«B€gr 

(iii) iiwfma** 'til* f*t* «f til* 1^ 

%* iMgiitiig pA««40i«'*ifi* melt*!* m no-Of vitmM rAimm mm im 
wSMTvndM i*'' Bit «&*!•• 

l^tlUiiBl %Ik» lift ¥t fitiflf md tffXifljfir m mr rafllfitB 
ft tlM tfnliuitLf of ^ffit^lfifHri tiigt'llfg into* ««* >• 

fOMffftf*' for fKtfVtIf* wiHt • Mfplf tiff of 1$ Bi.Offf*0«B&f fffpliBf 
ifif foil If ft HHi If 9$ ^ <|/f tMmh if f wigr Mfli itolfft tliii 

ft f!t»A la Xni Udi foifNEtfa IImi ittM aoi'UiiIfKfi’ laiit ai'lli ''Sllf iHS 0B 
Wdta M0MFIM* gtviag tam^iav ia%*a of I •/* • fiai Halt of X «/*/ 
la tte ilt* ffililififf aait ia toftaaf of tiaaiii^frf atod la 
Wmmtm if tii* fUfir wltifiiafir ffNMd it liidtfi aot tM^a* fit miit^fdiM. 
lot lofff i ff if iPi# 

inaClair toftat* af 'yt* ailtliiiaanp la MQna&xoaiOfl li^nt* 
fff'Oafllf affat tiff lad Idfl ipfoi of dtooitaf of o^aeaoi fft^M.» &*** ' 
ISafliltiff tarn ptmiArn hy aalaK M.gLimt iafe^;ioi«i oixfolto. Haaalfter 
tiMiaiflar aiaso Xofle iigltfi iatofntfi oixoait-a xwiBOf t&o d*«QdiiK iiaf 
if a vada* iaaa tlaa 40 aaBeaaooad** fl* airatw* aa aata itaalf far ttai aoat 
li^ot ta l*aa t^B aaoo * 

Foaioiilac §m tlw dzaidbaota ia -^a aalt%lamar wait *' ^ 

(i) Mao* Hi* aoBoalolio nltlTibrfter i* eoaalaiaiod aaiaf fifltol 
iatotmitod eiaeaitaf ao ta* puXaa wldtl vazvioa idtl ilw aoppljr Toltaipa* lot 
thia vaiiatiea ia foia* wlitli oaa I* xadaosd hy aaiai a^aaxf' -ftalla aad 
aopilataft poifor 


(ii) fite fiiAi aim off oifotliro 

wiiflj of « It T io «|)|i(lloa 0 % ‘^•iY goto t«farilnolo« lot if •«Mi|,iiir 
tlilo BflgaMTt 'in fwovod froo'fSf ffflo« Hm owllob to iSloMd* 

3ln« if tlM* ptmr aoppijr to^ilkt wltipitanir opdt foSlOf «31 iiw Iff 
•witciiofi iMo^ ia toiH aboit eizooita tlM oo^t of all 

tfiifliaittoaxv* Itii ftililaoi taa hum aoivwS ,a(i llbo aoii^of iiiiiio^ tgr 
fvltiaf a aatiaa wwtiMmm of t S in aatiiMi aitlt aaid^ atacoMi* &ia 
aixmitat to oaiii ii^y« 

OoiMli. tMa aaitli^liaiir unit at ooopNiOiNi to eltoir 

aoll4 olato wltlyla—y* Mplofiag b%alar tawfiataio mi 'piiaa 
tioBafoioara aa analof mitaii* JPtao tboyo ia ao mmi of map^ 
aaoXifior tm tmm»$ la 




BhnrM f* Mmm «MU Ir* t JImAm to iigilttl- mi 
lti4 to Jaoloi fkmmmAm ft^niiitoa* duit I 
(Book) Hi^idKll 

Zai tiBB liMMil, • l^pdleai iM»f 
QMor Vo. OAVil S9SSI 
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